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INTRODUCTION 
Hxere have been indications in the literature for many years 
that heritabilities and repeatabilities of Tm'iv and fat production 
may differ from one "lactation to the next. Some of the earliest 
indications were furnished by Berry (1945) on repeatability and by 
Johansson and Hansson (l940) on repeatability and heritability. 
However, these samples of data were relatively small by present 
standards. With these smaller samples, differences were not entirely 
consistent althou^  adjacent records were generally correlated 
more closely than those ^ Aiich were separated by one or more lactations. 
In any event, formulae similar to the following formula for predicting 
g 
expected breeding value (E. B. T .) are still used, E.B.V. = nh 
1 +(n-l)r 
(cow's average - herd average) where n is the number of records, h^  
and r are heritability and repeatability, respectively. In recent 
years investigations in A.nimq.1 breeding research follow the same 
general pattern with first lactation being more highly heritable 
than second lactation. If these heritability estimates are the true 
genetic parameters and the heritability of first lactation production 
differs from the heritability of second and later lactations as do 
the repeatabilities of different lactations, a modification in the 
methods of evaluating repeated records of dairy cattle would be in 
order. 
Accurate estimates of these parameters are becoming more in^ ortant 
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ifith the increasing practice of attempting to choose genetically 
superior cows to produce sires to be progeny tested. Assuming 
these parameters" are the same for all lactations 'vâien they are in 
fact different, would decrease genetic improvement by introducing 
errors in the selection of these cows. 
The advent of electronic computers has made large amounts of 
data readily available. These large volumes of data enable the 
estimation of genetic parameters with more precision and, it is 
hoped, more accuracy. Therefore, before undertaking any modification 
in the evaluation of an animal's breeding value by using repeated 
records, it is necessary to affirm that these genetic parameters are 
truly different from one lactation to the next. Estimates of these 
parameters free of the effects bf selection would be desirable if 
such estimates can be obtained. 
This thesis will be concerned with obtaining estimates of 
heritability and repeatability free of effects of selection and 
comparing these with estimates obtained by the use of the standard 
procedures used in the past. An attendit will also be made to deter­
mine if these parameters differ from lactation to lactation. 
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REVIEW OF LITERAIDUEE 
After considering the literature on the subjects covered in this 
thesis, much of the early work on the estimation of heritability and 
repeatability for milk and fat production•in dairy cattle, was not 
included. A great deal of the earlier work was based on relatively 
small samples of data by present standards. Only the more recent 
studies containing at least 10,000 records were cited in the repeat­
ability study. The heritability literature includes studies that 
estimated the heritability of various lactations which included at 
least 1,000 dau^ ter-dam pairs, and used age corrected records. 
Repeatability 
Legates (l949) using 23,330 lactations of 12,405 Jersey cows 
estimated the intraherd repeatability of single fat records, after 
removing the variance due to differences between years within herds, 
to be 0.46. This estimate would be comparable to estimates obtained 
from data deviated from a herd-year mean. Without removing the year 
effects the intraherd estimate of repeatability was 0.42. 
WadeU (1959) working with 13,747 records of 4,822 cows obtained 
estimates of 0.396 + .009 and 0.357 + .010 for the intraherd intraclass 
correlation estimate of the repeatability of milk and fat production, 
respectively, "vdien all records were included. If the restriction 
was made that a cow must have a first lactation and all the records 
of a cow up to and including the fourth lactation were used if the 
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cow had a first lactation, these estimates were 0.427 + .011 and 0.392 
+ .011 for miUfc and fat, respectively, on 10,243 records of 4,272 cows. 
These results indicate that the relationship between consecutive 
records decreases as the am'ml gets older since the requirement 
that a cow have a first record increases the overall estimate of 
repeatability. 
Bereskin and Freeman (1965) studied the repeatability of milk 
and fat production of 16,376 cows with 24,830 records in 400 herds. 
Only herds with ten or more records starting in at least three 
different year-seasons were included. intraclass correlations, 
they obtained estimates of 0.468 and 0.435 for the repeatability of 
different records of the same cow within a herd for milk and. fat, 
respectively. They estimated the repeatability of the deviation of 
a cow's record from the average of the year-season in which the 
record was made as 0.5C5 for milk and 0.475 for fat. 
Barr and Van Vleck (1963) using 4,885 cows with at least five 
lactations calculated the regression coefficients among consecutive 
and nonconsecutive records given in Table 1. One would not expect 
this time trend, if the repeatability is constant for all lactations. 
Heritability 
Freeman (i960) used 1,876 daughter-dam pairs with first records, 
1,081 with second records, and 571 with taird records to estimate the 
heritability of miTk and fat production. These estimates obtained 
by the regression of dau^ ter on dam were first lactation, 0.36 and. 
0.43, second lactation, 0.24 and 0.35; and third lactation 0.26 and 
0.26 for milk and fat production, respectively. 
Table 1. Regression coefficients "between consecutive and nonconsec-
utive records (Barr and Van Vleck, 1963) 
Independent Dependent Variables 
Variable Second 
lact. 
miird 
Lact. 
Fourth 
Lact. 
Fifth 
lact. 
First Lactation 0.49 0.40 0.36 0.32 
Second Lactation 0.48 0.46 0.40 
Third lactation 0.54 0.49 
Fourth lactation 0.56 
Rendel et al. (l957) estimates the heritability of first and 
second lactation milk yield as 0.43 + .06 and 0.24 + .07, respectively. 
These estimates were obtained by doubling the within-herd, within-
sire regression of daughter on dam. Estimates were obtained from 
1,294 first and 964 second lactations of six different breeds. 
Presumably these estimates are within breeds due to herds being of 
one breed. 
Hansson and During (l96l) investigated field data, from the three 
main dairy breeds in Sweden. The yield of the cows was corrected to 
a general herd average for each breed. They used only cows with at 
least three lactations. Estimates of heritability by paternal half-
sib intraclass correlation were: first lactation, 0.36, 0.25, and 
0.33; second, lactation, 0.17, 0.12, and 0.18; and third lactation. 
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0.15, 0.17; and 0.29 for the three breeds. 
Bereskin and Freeman (1965) estimated the heritability of average . 
production by an intraherd regression of dau^ ter on fln-m for "4,178 
daughter-dam pairs in 443 herds. These estimates were then converted 
to a single record basis by the formula of Lush and Straus (1942). 
The heritability estimates converted to a single record basis were 
0.220 .040 for milk and 0.180 + .042 for fat. 
Bradford and Van Vleck (l964) obtained data on 5,740 Holstein 
daughter-dam pairs. They used only first lactation records started 
between 1958 and 1962 to eliminate most of the selection of dame 
throu^  using dau^ ters that were either the first or second calf 
of the dam. An estimate of heritability obtained by daughter-dam 
regression for deviation milk was 0.43 + .03. Prom these 5,740 
dau^ ters, 2,568 were daughters of 147 AI sires. The paternal half-
sib estimate of heritability of first lactation from these data 
was 0.25 ^  .053. The estimate from the daughter-dam regression based 
on these 2,568 pairs was 0.44 + .044. 
Van Vleck and Bradford (l965) studied milk records of the first 
three lactations of Holstein daughters and their dams to estimate 
heritability by daughter-dam regression and paternal half-sib 
correlation. Their data consisted of 20,850 first records, 11,582 
pairs with at least two records, emd 5,609 pairs with at least three 
records. The within-herd estimates from records expressed as 
deviations from herdmate averages were; 0.37, 0.30, and 0.24 from • 
dau^ ter-dam regression for the first three lactations; and 0.24, 
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0.21, and 0.23 for the corresponding paternal half-sib correlations. 
These references all estimate the heritability of second and 
later lactations to be lower than the heritability of first lactation. 
The work of Bradford and Van Vleck (1964) and Van Vleck and Bradford 
(l965) shows some disagreement between the paternal, half-sib 
intraclass correlation and the daughter-dam regression estimates 
of heritability. This disagreement will be discussed in the section 
on paternal half-sib estimates of heritability. 
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SOURCE AED ADÛUSMENT OF DAIEA 
Sources 
Two sources of data were avaxi'&.ble; for this study. Hie first 
source of data was made available through the courtesy of the 
American Breeders' Service; inc. (ABS). These data were collected 
in 76 herds in the San Joaquin Valley, the Central Coastal region, 
and San Bernardino County in California. These data included «n 
herds in the area -sdiich were. on standard EEIA test, hred at least 
100 Holstein cows per year, with at least 50 ABS dau^ ters in milk 
and kept accurate herd identification and parentage records. Hie 
ABS data covered a time period of twelve years from January, 1951, 
to December, 1962. 
Hillers (l965) concludes that these are probably selected 
herds. This seems likely since the average production in these herds 
was higher than the average production of all cows on test in this 
region of California. 
The second group of data was from Iowa Dairy Herd Improvement 
Associations (DHIA.) whose records had been handled by the Iowa Dairy 
Records processing center. Only Iowa Holstein records from both 
grade and registered cows were included. Ttie DHIA. data were collected 
from Ifey, 1957, to April, 1964, or a time period of seven years. 
Most of the data were accumulated over the latter years since herds 
were gradually entered into central processing until all DHIA. herds 
were centrally processed in 1965. 
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Adjustments 
A total of 110,084 ABS records was available. No records were 
included in -wiiich the cow was milked for less than 150 days. lacta-
.tions over 150 days where the cow was sold or died while in milk 
were extrapoluated to 305 days using the factors adopted by the 
Holstein-Friesian Association in 1958. 
A total of 106,296 Holstein DHIA records was available. In 
these data, all incomplete records were discarded. 
In both sets of data, all records were converted to a 2x, M. E., 
305-day basis using the age correction factors developed by Kendrick 
(1955). 
Because of the large herd size and a large positive time trend 
in the ABS data, it was decided to use six, two-month seasons per 
year. In the EEIA data, a five and seven-month seasonal breakdown 
was used. These are from October of one year to April of the 
following year as one season, and May to September the other 
season. 
In the analysis of large groups of dairy records, the herd-
year-season average is usually adjusted or regressed towards the mean 
to correct for lack of numbers in the estimation of the herd-year-
season average. Analyses by Hi 11 ers (1965) showed that n , was 
h + 3 
the proper regression estimate to predict the true herd-year-season 
average for milk and fat production in the ABS data -vAille Bereskin 
(l963) used n for the DHIA mi lie and fat production data. 
n + 2 
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It was assumed that the regression of a cow's record on her 
adjusted herdmate average was 0.9. This value was accepted by 
Bereskin (l963) on a sample of the DHIA. data; however, this may be 
low for the ABS data due to the restriction of at least 50 ABS 
dau^ ters.in mi l v and to the suspicion that these herds represent a 
selected sample of herds. 
Therefore, the regressed adjusted herdmate average (RASA.) was 
calculated as 
RAM = ÏS + 0.9n (HÏB - YS) 
n + a 
•where YS is the appropriate years season average, 
HYS is the appropriate herd-year-season average 
excluding the cow and her paternal half-sib, 
n is the number of animals in the herd-year-season average, 
and 
a was estimated to be three for the ABS data and two for the 
DHIA data. 
G3ae roodal age of calving was 25 to 30 months of age for DHIA 
and ABS data, respectively. Since the lactations in both groups of 
data were not previously numbered, the following procedure was used. 
A record was considered to be a first lactation if the cow was from 
20 to 35 months of age at the time of freshening with no previous 
record present. Cows that freshened at less than 20 months of age, 
along with the cows that did not have a record that fell into the age 
range f®r first lactations, were discarded. All records beyond the 
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fifth lactation were also discarded. This resulted in 67,854 ABS 
records and 60,788 DHIA. records. The total number of cows and of 
daughter-dam pairs are given by lactation in Table. 2. The small 
number of second and later lactations in the DHIA. data relative to 
the nimber of first lactations is due mainly to the shorter time 
over -vdaich the DHIA data were collected. This is especially true 
with the dau^ ter-dam pairs. 
Table 2. Total number of cows and dau^ ter-dam pairs by number of 
lactations 
lactation ABS 
Source of Data 
DHIA. 
Dumber Cows Daug, .-Dam prs. Cows Daug. -Dam prs. 
1 26,295 5,018 33,299 4,250 
2 18,299 2,678 16,328 1,250 
3 11,613 1,227 7,487 294 
4 7/259 502 2,836 37 
5 • 4., 263 - 838 -
Due to the presence of several records that were erroneous in 
the DHIA data, deviation milk and deviation fat were truncated 
between three and three-fourths and four standard deviations above 
pmâ below the means for each trait. This amounted to discarding less 
than one-half of one percent of the records. 
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METHODS 
Estimation of Repeatability 
Since all records were expressed as deviations from regressed 
adjusted herdmate averages the following model was assumed for the 
estimation of repeatability: 
where Y.. is the deviation from the regressed adjusted herdmate 
average for the j;to record of the ith cow, 
ji is the effect common to all observations in the population, 
c. is the etefeét of the ith cow, and 
X — ' 
e. . is the random error associated with the ith cow's production 
xj — 
It is assumed that 
(1) E(c )^^  = c^^  = 0 and 
(2) E(e..)^..F 0-2, E(e..) = 0. 
e xj 
Five methods of estimating the relationship between various 
pairs of lactations were used in this study. îirst, a between AUfi 
within cow analysis of variance where only cows with both records 
were used in the analysis shown below. Œhe following analysis of 
variance procedures give valid estimates of the intraclass correla­
tions only when the lactations considered are equally variable and 
the means differ no more than randomly. Failure for these conditions 
to hold true will be discussed in the section on adjustment of intra­
class correlations to remove effects of unequal means. 
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Source d.f. MS 
Total n.. - 1 
 ^ 2 
Between cows c - 1 O" + 2 c 
e ; c 
2 Within cows n.. - c 0"^  
Second, a between and within cow analysis of variance where mil 
cows with the first record of a pair were included even if the second 
record of the pair was missing; 
Source d.f. EMS 
Total n.. - 1 
2 r 
Between cows c - 1 OL + 1 n.. - i i. 
c-lL 
e 
2 
°"c 
n. « J 
Within cows n.. - c a 2 
e 
Repeatahili-ty as measured hy intraclass correlations ±r defined 
as: 
r = 
<r2 
\dien the assumptions are fullfilled for estimating the components of 
variance. 
The third method was a '^ maxinium likelihood" procedure described 
by Cumow (l96l). The model for this procedure is the same as that 
previously defined for the repeatability analysis where y^ ^^  sud y^ p 
are the first and second lactations of the ith cow, respectively. 
It is assumed that y^ -j_ is normally distrii»TXfaed with mean and 
variance and for a given y^ g normally distributed with 
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mean + ^ 0 (y±i " and variance (l - p -where p is the 
correlation coefficient between and HZbe estimate of the 
relationship between pairs of lactations ( ^ ) is then obtained by 
the solution of the following cubic equation: 
(N s2 - n zap ^ - (N - n) E  ^* 
Z"(n + H) r f - n{s2 - £ |)_7p - (n + N) Z = 0 
•Where lî is the number of cows with first lactations and n of these 
cows have second lactations. Also, 
JT / — *2 
2 z (yn - 5-2 ., (^ 11 - yi) 
s = 1=1 , 2_]_ = 1=1 
N n 
r2 . L r - 1-1 i.2 - ti_ 
N n n 
_ z yii _ z i^i - è y± 
y = 1=1 _ . y^  = 1^ 1 , and y^  = i=l ±2 
N , n  ^ n 
This procedure assumes (l) that the only factor that determines 
whether a cow has a second record is the magnitude of her first 
record, (s) that with no culling the variances of the first and 
second records would have been equal, and (3) all first records are 
available whether or not the cow has a second record. Considering 
these assomiptxons as they apply to these data, the first could not 
be strictly true since many factors such as fertility and disease 
would eliminate some cows. Also, some culling based on physical 
appearance is likely. Ihe second assumption is questionable as -will 
he shown later. The third assumption seems reasonable. How failure 
to meet these assumptions would influence the results is not known 
15 
exactly. However, the results obtained by this method were generally 
consistent with the results from the other methods. 
The fourth procedure was the simple regression of the second 
record of a pair on the first record of that paj.r. 
The fifth method was to construct estimates of the variances and 
covariances free of the effects of selection, by using regression 
techniques and then calculating the repeatabilities by simple correla­
tions. The general derivation of this procedure is given in the 
following section. 
Derivation of Procedure Free of Selection 
The standard methods of obtaining estimates of repeatabilities 
and heritabilities in dairy cattle data are biased tAien selection 
has been on more than one record or on euay other criteria that are 
genetically correlated with these traits. If one could obtain 
estimates unbiased by selection of the variances of these traits and 
of the covariances between them, it would be possible to estimate 
these parameters free of the effects of selection. 
Elis could be accomplished by the use of regression if one 
could prove that the simple regression coefficient, in the case of 
simple regression, and partial regression coefficients, in the case 
of multiple regression are unbiased by selection on the independent 
variable or variables. Therefore, we will attempt to prove these 
hypotheses. 
Let and y^  represent the first and second lactations of the 
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ith cow, respectively. If x and y have a bivariate normal distrib­
ution, then 
f(x, y) =f(x) • f(ylx) 
Now if we assume that the only factor that determines \Aiether 
a cow has a second record is the magnitude of her first record (e. 
g. truncation selection on x, for all x > Xj.) we observe y for x> Xj. 
and the density function becomes 
g(x, y) =0, 
""t 
Therefore, for x> x^ , the conditional density function of y given x 
is g(ylx) = g(x, y) 
gCx) 
f tx) > x^ ) 
= f(y/x), x>xfc. 
Thus, E £v\yij = y y f(y/x) 4/ 
-CO 
= y +/) fk (X -)ix) 
Var £'v\y^ J = (l - yO ) 
For the case of two independent variables we assume that x, y, 
and z have a triyariate normal distribution -where x, y, and z 
represent the first, second, and third lactation, respectively. 
The trivariate normal distribution can be written 
y, z) = f(x, y) f (zfx; y). 
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Now if we truncate so we only observe y for x > and z for 
y> y , the density function becomes 
t 
g (x, y, z) = o; X x^ , y ± y^  
= f (x,y,z) 
y/ y/" y f(x,y,z) dx dy dz 
-OD 
X \ f(x,y. 
x>x , y>y . 
t t 
So for x> X , y > y , 
t "G 
g(x,y,z) = f(x,y) f(z|x,y) 
/ • /  
f(x,y) dxdy f(z|x,y) dz 
f(x,y) f(z/x,y) 
/- / 
f(x,y) dx dy 
x>x^, y >y^. 
And for x>x^ , y>y_^ , we have 
g(z|x,y) = R Cx,y.z) 
(x,y) 
= f(x,y) f(z|x,y) 
flx,y) 
= f(z|x,y) 
x^>xt, y>yt) 
p(x>x^ ; y>y^ ) 
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y») 
OSius, E[zjx,yJ= y g f(zlx,y) dz 
From theorem 3.12 of Graybill (l96l), we know that the variance 
of the dependent variable does not depend on the value of the inde­
pendent variable. Now, since the partial• regres.sion coefficients 
are not influenced by truncation selection on the independent 
variables, the estimate of the deviations from regression will not 
be influenced by the range of the independent variables. This is 
true for a multivariate normal distribution since one has a range of. 
plus infinity to minus infinity for the dependent variable for each 
value of the independent variable. 
It is obvious that the above procedure will hold true for the 
case of three or more independent variables. ÎQie necessary 
assumptions for this general procedure to be true are (l) the 
variables have a multivariate normal distribution, (2) the sequential 
occurence of events, (3) after selection on the first record and 
the cow is allowed to make a second record, the opportunity for her 
to make a third depends only on the magnitude of the second record, 
etc. and (4) all selection is truncation on the independent variable 
(or variables). 
The first assumption is necessary when using the usual methods 
for calculating estimates of genetic improvement and correlated 
response. Ifowever, this assun^ tion is questionable since the ABS 
data appears to have a correlation between the mean and the variance. 
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Of necessity, the second assumption holds true in the estimation of 
repeatability and by the sequential arrangement of the data vhen 
estimajiing heritability this assumption can be met. The third as­
sumption appears to be difficult to satisfy, since individuals with 
two mediocre records may be culled before individuals with good first 
lactations and poor second lactations. Such failure to meet the third 
assumption in the case of, simple regression should tend to lower the 
regression. This is true since lower values of the dependent variable 
(second record) would be observed with hi^ er than normal values, for 
that portion of the distribution, for the independent variable (first 
record). Other types of selection can be visualized that would in­
crease the regression. It is difficult to see exactly Tdoat failure 
to meet this assumption would do in the case of two or more independent 
variables. The assumption of truncation selection on the independent 
variables is necessary to insure unbiased estimates of the regression 
coefficients. It is the belief of the author that any departure from 
truncation, as long as it is random with respect t6* the dependent 
variable, should not bias the regression coefficients. 
Dr. E. Pollack has called to my attention that this procedure 
mi^ t be extended to non-truncation selection by the use of other 
properties of the multivariate normal distribution. For the multi­
variate normal distribution the marginal distributions and the condi-
.tional distributions are normal. This would enable one to express 
the selection as function of the dependent and the independent 
variables. The mean of the conditional distribution for any given x 
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could then be obtained by integration. [Che variances could be eval­
uated by the use of a table for the incomplete fiamnin. function. It 
should be noted that this procedure was not used in the present thesis. 
Estimation of Variances and Covariances 
5tee of the Effects of Selection 
The variance and covariances of this section are estimates of 
these parameters in the population, however, no hats (^ ) will be used 
to simplify the notation. Because the regression coefficients de­
scribed in the previous section would be unbiased if selection is only 
on the independent variables one can construct the variance-covariance 
matrix free of the effects of selection as described below. The 
results of this section use some properties of a multivariate noimal 
distribution similar to those used by Kempthome and von Krosigk in 
Henderson et al. (1959). 
Let O". . represent the variance (i=j), or covariance between the 
 ^J 
ith and record of a cow. This notation, without the dot, is used 
to indicate parameters which are free of any effects of selection. 
 ^represent the observed variance or covariance between the 
ith and record from cows selected on the basis of their kth record. 
We can compute the variance of all first records ((T, ^ ) ïrtxich is 
taJjen as the variance of all unselected first records. Now compute 
the single regression of second record on first record: bg.^  = 
1^1*1. 
This is an unbiased estimate of therefore, with known 
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and. free of the effects of selection, an unbiased estimate of 
can be obtained by 
<^ 11 . 
Hie sums of squares due to deviations from regression in the selected 
data (og2«i ~ ^ 2^ ) is an unbiased estimate of the deviations from 
°il-l 
regression free of the effects of selection (oXr, - *^ 2^ ). Therefore, 
the estimate of 022 free of the effects of selection can be obtained 
by the solution of the following equation for 
«22 - = <^ 22.1 " 
'22 '22-1 
and 2^2 = ^ 22.1 - 12-1 + 
ei 
*L1 11 *1 
Since everything on the rigbt hand side of this equation has been 
estimated, one can solve for Ogg. 
Using multiple regression we can compute-the regression of third 
on first, holding second constant (I531.2) the regression of third 
on second holding first constant (^ 32.1)• 
31-2 
*^ 11.2 
°i2-2 
= o> 
®i2-2 
22-2 
331.2 
'32.1 / 
*13.2 
®23.2j 
= 022.2 "13.2 - *12.2 '23-2 
*^ 11.2 *22.2 " *12.22 
32 •1 = °11.2 *93.P - °12.2 
11.2 22-2 1^2.2^  
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Since these regression coefficients are unbiased, one is able 
to obtain estimates of the covariance between first and third ), 
and second and third (o: ) free of the effects of selection by the 
cO 
solution of the following equations : 
cr 
13 
°23 
y-' . 1 ('a. ^ 2^  
"u "^ 2 - '12' W2 
Therefore, 
*13 " °ll ^31'2 * °12 ^^32-1 
®23 " ^ 2 ^31*2 °22 ^ 32-1 
and one can obtain estimates of and 023 by inserting the values 
on the right hand side and solving these equations. 
The estimate of the variance of third records, free of the 
effects of selection, is then obtained by the sum of the sums of 
squares due to deviations from regression, estimated from the 
selected data, and the sums of squares of deviations due to regression 
from the unselected data as follows; 
A A 
®33 " *33.2 " 31'2 °13'2 ' 32-1 *23-1 
+ ^31-2 Gl3 + ^32-1 °23 
It is obvious from the solution of these examples that this 
logic can be extended to any number of dependent variables. 
A general solution to the equations can be given in matrix 
notation as follows: 
Let Sg represent the variance-covariance matrix of the 
independent variables that can be observed; 
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S represent the variance-covariance matrix "of the independent 
•variables corrected for the effects of selection; 
B represent the vector of partial regression coefficients and 
A 
B the estimates of these partial regression coefficients; 
Yg represent the observed covariance vector between the • 
dependent and the independent variables and Y represent this vector 
free of the effects of selection. 
" A • 
To obtain B we have 
8; B . Y; -
Ss-l Sg E = ÏS 
B = S Y 
s s 
Then to obtain Y 
B = S Y 
/N -I Î 
S B = S 8-1 Y 
8 B = Y 
and the estimate of the variance of the dependent variable free of 
selection may be obtained by the solution of the following equation 
for <r^ .^ 
- B' % = °ii.J - \ 
The left hand side of this equation is the deviations from 
regression using variances and covariances free of the effects of 
selection while the right side is the deviations from regression 
estimated from selected data. Therefore, the variance of the 
dependent variable can be obtained by adding the deviations 
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due to regression (B'Y) from the estimates free of the effects of 
selection to the deviations from regression estimate from the selected 
data (ff.. . - B« Y). 
ii-j 
Estimation of Heritahility 
Heritability estimates for separate lactations were obtained by 
doubling the within-sirè regression of daughter on dam. By the use 
of the procedure described in this thesis, it was possible to obtain 
estimates of the variances and covariances between dau^ ters and 
dams that were presumably free of selection. Heritability estimates 
were then obtained by doubling the correlations between the 
dau^ ter*s and dam's records. 
Estimates of heritability pooled over lactations were obtained 
by using the avera^  production of the dau^ ters and the d^ uns. In 
this procedure only those records used in the calculation of the 
heritability of different lactations were used. After obtaining 
the regression of the average production of the dau^ ter on the 
average production of the dam this regression coefficient was con­
verted to a single record basis by the formula of laish and Straus 
(1942). After adjusting these regression coefficients to a single 
record basis the results were doubled to obtain the heritability 
estimates. 
Heritability estimates were also obtained for each lactation by 
doubling the within-sire, within-herd regression of dau^ ter on 
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dam using deviations from a regressed adjusted herdmate average. 
Estimates from the paternal half-sib analysis were obtained 
from the following between and within-sire analysis of variance 
using deviated data: 
Source of Variation d.f. E.M.S. 
Total n.. - 1 
2 
Between Sires s - 1 (T ^  + (n.. - i ^ i') O" 
 ^ n. « 2 
Within Sires n.. - s. cr 
e 
Where heritability is defined as 
2 
2 h = 4 
cr 
s 
us e -J 
This type of estimate is sometimes incorrectly used as 
4 oi . This is incorrect since the expectation of contains 
4 0^  + or 2 
® e 
three-fourths of the additive variance. 
The variance of the int^ class correlations were calculated by 
the following approximation of Osborne and Eaterson (1952) : 
V(r) = 2(l-t) A + (n-l) t 7^  
(N - 1) Cn - 1) n 
where W is the number of sires, 
t is the intraclass correlation, and 
2 
n is the coefficient of cr , or 
n = m - 1 [m.. - N.. J 
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Therefore, the standard error (S.E.) of the heritabil.\ty was 
approximated, as: 
S. E. = 4 "V V(r) 
Heritability Estimates from Selected. Data 
To obtain some idea of -vdiat influence different types of 
selection might have on the estimation of heritabilily, several 
types of truncation selection were practiced. Biis was attempted, 
only for the ABS data since so few dau^ ter-dam pairs existed, for 
second, and. later lactations in the DHIA. data. 
The ABS data were artificially selected in four ways. The 
first type of selection was on the dam's production for the present 
record., in this type of selection, if the dam's production was 
below the truncation point, that record, and. all following records 
were not used to estimate heritability. This type of selection 
should not influence the heritability estimates since selection was 
on the independent variable. 
The second type of selection waa on the dam's production in 
the previous record. If the first record was below the truncation 
point, the second record was not used in the estimating the 
heritability of second lactations. Similar selection was performed 
on second records for estimation from third lactations, etc. This 
type of selection on the independent variable should not bias the 
heritability estimates. 
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Selection on dau^ ter's plus dain*s production in the present 
record was the third type of selection imposed on the data. The 
dau^ ter's and dam*s production was added together "KEieni truncation 
was on the sum. of the records. If the first records were below the 
truncation point, they were not used in estimating the heritability 
of first lactations. The same procedure was followed for second 
and later lactations. Œhis type of selection should bias the 
heritability estimates. 
in the fourth type of selection, truncation was on the dam's 
production at a point -t and then on the daughter's plus the dam's 
production at the point -2t. This selection was on previous records 
and should bias the heritability estimates. 
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BESimPS AM) DISCUSSION 
Distributions 
Since some of the methods used in the esti^ tion of heritability 
and repeatability assume normality, the distributions of the data 
were examined. Graphs of deviation fat for the first two lactations 
used in the estimation of heritability and repeatability aire 
presented in Figures 1 to 4, with each interval expressed as a 
percent of the most frequent one. 
Figures 1 and 2 give the distributions of first and second 
lactations, respectively, used in the estimation of repeatability. 
The variances are higher for the ABS data •vâiile the means are hi^ er 
for the DHIA. data. The variances of first lactations were 7031.4 and 
7484.7 and the variances of second lactations were 7556.8 and 8171.2 
with the IHIA. variances given first in each instance. The means of 
the first lactations were 22.7 and 9.0 and for the second lactations 
22.0 and 9.8 for the DHIA. and ABS data, respectively. 
In both groups of data, the variance of second records exceeds 
the variance of first records. Biis is probably due to environment 
having more chance to influence second lactations. 
These distributions appear to be essentially normal. Bswever, 
no statistical analysis was conducted to determine if these distrib­
utions differed significantly from normal distributions. Quartermain 
(1965) studied the normality of first lactations from essentially 
the same DHIA data. His results indicated the distribution of fat 
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Figure 1, Distribution of deviation fat for ail first lactations. 
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Figure 2. Distribution of deviation fat for all second lactations 
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Figure 3. Distribution of deviation fat for daughters* and dams' first lactations 
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Figure 4. Distribution of deviation fat for daughters* and dams' second lactations. 
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production was near*normal, but with the large amount of data 
available, tests of noimality indicated the distribution departed 
from noimality in a peaked fashion but there was no evidence of 
skewness. Therefore, it was decided that the data used in this 
study were nearly normal and small deviations from normality should 
not influence the results. 
The method used in this thesis to estimate heritabilities and 
repeatabilities free of the effects of selection assumes that All 
records have a multivariate normal distribution. The validity of 
this assumption was not checked. It should be noted that even 
thou^  two variates have an univariate normal distribution this does 
not insure that they will have a bivariate normal distribution. 
Estimates of Repeatability 
An estimate of repeatability by intraclass correlation using 
first throu^  fifth lactations was obtained to see how well these 
data agree with others reported in the literature. Hie values 
obtained were 0.54 and 0.50 for deviation milk and 0,45 and 0.47 
for deviation fat for the ABS and DHIA. data, respectively. These 
values agree well with those reported by other workers. 
Relationship between pairs of lactations 
Estimates of the intraclass correlations and regressions 
between .pairs of lactations for both groups of data are given in 
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Table 3 for deviation milk. ' Table 4 contains the same values for 
deviation fat. 
Several things become evident from these tables. First, that 
in both groups of data, the relationship between the various pairs 
"Of records for deviation milk is hi^ er than the appropriate rela­
tionship for deviation fat. This difference may not be statistically 
significant in all cases, but the fact that this relationship always 
exists should be enou^  evidence to establish different relation­
ships between pairs of lactations for these two traits. 
The second point that becomes evident is that in most cases 
the relation^ ip between pairs of lactations in the ABS data 
exceeds this same relationship in the IHIA. data. Several explanations 
exist for what mi^ t be occuiing in this instance. Due to the 
larger herd sizes and shorter seasons (e.g. the two month ABS 
season euid five or seven month DHIA. season) in the ABS data one 
was able to remove more of the temporary environmental effects and 
thereby increase the relationship. Another explanation mi^ t be 
that the temporary environment in the ABS data does not change 
as extremely firom one season to the nexb as is true in the Iowa 
data and therefore, less temporary environmental variation is present 
in the ABS data. Probably a better way to state the last point 
would be to say that these relationships are truly different in 
these two groups of data. 
The relationships between.pairs of lactations follow the same 
Table 3. Relationship between pairs of lactations as measured, by intraclass correlations and 
regressions for deviation milk 
Intraclass Correlation Intraclass Correlation Regression of ,1th 
both itli ajid jgi ith record, included if record on the ith 
. ftiir of Records record present jgi record is absent record 
ith to jgk I 
ABS Data DHIA. Data ABS Data DHIA, Data ABS Data DHIA. Data 
1:2 0.54 0i45 0.56 0.49 0.60 0.50 
1:3 0.46 0.40 0.50 0.46 0.49 0.43 
1:4 0.38 0.34 0'.43 0.39 0.43 0.37 
1:5 0.34 0.31 0.38 0.35 0.37 0.34 
2:3 0.60 0.49 0.63 0.54 0.62 0.51 
2:4 0.50 0.44 0.55 0.49 0.60 0.48 
2:5 0.43 0.39 0.50 0.43 . 0.5L 0.40 
3:4 0.61 0.53 0.64 0.55 0.67 0.58 
3:5 0.54 0.47 0.57 0,48 0.62 0.51 
4:5 0.60 0.53 0.62 0.57 
\ 
0.64 0.58 
1 
T 
Table 4. Relationship between pairs of lactations as measured, by intraclass correlations and 
regressions for deviation fat 
Intraclass Correlation Intraclass Correlation Regression of jth 
both ith and jto ith record included if record on the ith 
Pair of Records record present .1th record is absent record 
ith to jgi ________________________ _______________________ 
ABS Data miA. Data ABS Data DHIA. Data ABS Data DHIâ Data 
1:2 0.49 , 0.41 0.54 0.46 0.54 0.48 
1:3 0.37 0.36 0.41 0.40 0.41. 0.41 
1:4 0.29 0.30 0.33 0.32 0.34 0.36 
1:5 . 0.29 0.24 0.27 0.26 0.29 0.28 
2:3 0.53 0.47 0.56 0.51 0.56 0.50 
2:4 0.40 0.42 0.46 0.47 0.49 0.47 
2:5 0.31 0.35 0.39 0.40 0.42 0.38 
3:4 0.53 0.50 0.56 0.52 0.60 0.55 
3:5 0.44 0.42 0.48 0.45 0.53 0.45 
4:5 0.52 0.51 0.54 0.56 0.56 0.55 
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trend as the estimates obtained by Barr and Van Vleck (1963). Es­
timates of the relationship between consecutive lactations increase 
as the animals get older while the relationship between nonconsecutive 
records decrease with increasing time between lactations. These es­
timates along with the results of Wadell (1959) and Barr and Van "Vleck 
(1963), in recent years, and Berry (1939), some\diat earlier, indicate 
repeatability is not constant from one lactation to the next. ' 
Table 3 and 4 also allow a comparison of the three methods of 
estimation. As expected, the int raclas s correlation between the 
various pairs of lactations is lower when both records are present 
than -when the first record is included even if the second is missing. 
This results from the addition of cows with just one lactation which 
contribute to the between cow mean square (and thus a^ )^ without 
contributing to the within cow mean square (or C^ ). 
The use of an analysis of variance to estimate the relationship 
between pairs of lactations requires the assmgtion of equal 
variances and equal means, {therefore, in these data, the use of only 
paired lactations violates both of these assumptions since we have 
the variance of selected first lactations of a pair and one would 
not expect these re crds to have the same mean. When first records 
are included even if the second record is absent, this helps to 
satisfy the assumption of equal variances but we are still faced 
with the problem of unequal means. The following section describes 
a method of adjusting the intraclass correlations for unequal means,. 
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Ad,1ustment of int raclas s correlations to remove effects of •uneqnni 
means 
The model for this analysis may be represented as 
represents the lactation of the ith cow, 
is the effect common to all records of the ith cow, 
Ij is the effect common to all lactations, 
e^ j is the random error associated with the jth 
record of the ith cow. 
The following assumptions were made. 
The desired results may be obtained by taking the expected values 
of the sums of squares. 
=/» + Ci + 
Where 
(1) E(c^ ) =cr% 2^ 1 = 0 
(2) E(l|) =cr^ , Ilj = 0 
(3) E(e^f)=a-^, E(eij) = 0. 
= n.. + n.. O" ^ + n.. crf + û.  0"^  
= n.. ^  + n. i O" § + c CJ*5 + cO^  
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E 
n.. 
= E 
5. Oi + =i +1 * 
a .1 •' 
n., 
n.. )i^  + ^  + 0% 0-c - -li <3-2 
u*• n#• 
Therefore, ve have the following analysis of variance TJhen the effect 
of different lactations is considered in a between and within cow 
analysis. 
Source 
Total 
d.f. E.S.S. 
n.. - 1 (n..-l) <yf + 
Between Cows c-l (c-l) erf + 
l^ n.. - |2lj 
r°---Ml 0-0 + [c- hiil 
L n.. J L n.. J 
0^ 1 
o 2 
Within Cows n.. - c (n..-c) 0"^  + (n..-c) 
It should be noted, that with equal numbers the coefficient of 
0"^  for the between cow sums of squares will be zero. From this 
analysis and the data in Tables 5 to 10, an estimate of the intra­
clas s correlation can be obtained after removing the effects due to 
unequal means. 
From Table 9 for lactation pairs one and two of the ABS data 
we can obtain the following information: 26,295 cows with first 
lactations; 18,229 cows with second lactations; the between cow 
means square is 83,150.1 and the within cow mean square is 26,132.5. 
Wow from the Preceding, analysis of variance we know that the coeffi-
p 
•cient of cr in the between cow mean square is equal to 
, Zn 2. 
1 ^ U-- - lilJ = 
(c -1) n.. 
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1 [44,524 - (2)2 (18.229) + (l)2 (26,295)" 
26,394 |_ . 44,524 
= 1.693. 
The coefficient of ^  for the between cow square is 
1 
c-1 
o - hi 
n.. 
1 
26,294 
= 1 
26,294 
= 0.126 
26,295 - (18,229)2 + (26,395)2 
44,524 
(26,295 - 22,992.6) 
and the coefficient of the within cow mean square is 1 (n..-c) = 1 
n..-c 
Table 5. Means of ith record of cows allowed to make record 
for deviation milk* 
%rpe .ith Record 
i;& 
Record 
of 
Data 1 2 3 4 5 
1 ABS 
DHIA. 
6.2 
49.9 
24.3 
71.0 
39.6 
84.2 
44.7 
88.7 
45.5 
89.7 
2 ABS 
DHIA. 
28.0 
52.3 
61.5 
75.0 
76.0 
"82.0 
82.9 
84.5 -• 
3 ABS 21.3 
54.8 
46.6 
69.3 
57.0 
74.6 
4 ABS 
DHIA. 
25.4 
59.2 
47.8 
65.6 
5 ABS 
DHIA. 
27.8' 
66.9 
D^eviation milk coded to nearest ten poiind units in both groups 
of data 
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(Table 6. Means of ith record of cows allowed to make jth record 
for deviation fat - . 
îftrpe .1th Record 
ith. 
Record 
• of 
Data 1 2 3 4 5 
1 ABS 9.0 16.5 22.6 
DHIA 22.7 32.5 28.4 
25.3 
40.2 
26.3 
42.8 
2 ABS 12.0 26.3 
DHIA 22.0 31.9 
33.5 
35.6 
37.5 
38.0 
3 ABS 6.8 
DHIA. 20.7 
18.5 
27.4 
23.8 
30.3 
4 ABS 
DHIA 
5.7 
19.3 
16.4 
23.9 
5 ABS 
DHIA 
3.5 
18.9 
We can now construct the following analysis of variance. 
Source d.f. M.S. E.M.S. 
Between Cows 26,294 83,150.1 <5^  + 1.693 + 0.126 
Within Cows 18,229 26,132.5 a ^  + <r ^  
An estimate of a-^  can be obtained by squaring the difference 
between the means and dividing by two. From Table 5 we see l^ t the 
mean of an first records in the ABS data is 6.2 and the mean of all 
second records is 28.0. 
0-2 = 1 (28.0 - 6.2)^ = 237.62 
2 
Œhen by the usual procedures for estimating the variance conqponents 
one can obtain the following estimates. 
Table 7. Degrees of freedom and meein sqiiares used in calculating the int raclas s correlations 
•with both records present for deviation milk* 
Fair ABS Data DHIA. Data 
of Between Within Between Within 
lactations d.f. M.S. d.f. M.S. d.f. M.S. d.f, M.S. 
1 
cu 1 18,228 88,432.8 18,229 26,154.3 16,327 76,630.3 16,328 28,811.0 
1 and 3 11,612 77,865.1 11,613 28,982.4 7,486 69,818.8 7,487 29,604.5 
1 and 4 7,259 73,805.9 7,259 32,886.2 2,835 69,525.4 2,836 34,201.8 
1 and 5 4,267 73,020.5 4,268 36,342.3 837 68,286.8 838 35,782.4 
2 and 3 11,612 91,037.1 11,613 22,458.4 7,486 75,208.3 7,487 25,739.0 
2 and 4 7,258 82,882.5 . 7,259 27,682.8 2,835 74,927.3 2,836 28,787.5 
2 and 5 4,267 78,625.3 4,268 31,133.1 827 73,316.2 838 32,530.9 
3 and 4 ,'7,258 88,041.4 7,259 20,989.8 2,835 78,165.4 2,836 23,892.4 
3 and 5 4,267 82,674.0 4,268 24,793.3 837 74,646.1 838 26,986.3 
4 and 5 4,267 90,451.3 4,268 22,746.4 837 77,234.9 838 24,012.1 
^Deviation milk coded to nearest 10 pound units in both groups of data. 
Table 8. Degrees of freedom and mean squares used in calculating the intraclass c< 
with both records present for deviation fat 
Pair ABS Data DHIA. Data 
of Between Within Between Within 
lactations d.f. M.S. d.f. M.S. d.f. M.S. d.f. M.S. 
1 1
 
ro
 
; 18,228 11,068.9 18,229 3,802.2 16,327 9,786.1 16,328 4,052.5 
1 and 3 . 11,612 9,559.8 11,613 4,429.7 7,486 9,057.3 7,487 4,249.6 
1 and 4 7,258 9,126.1 '7,259 5,052.7 2,835 8,933.9 2,836 4,780.0 
1 and 5 4,267 8,894.8 4,268 5,484.8 837 8,490.4 838 5,200.2 
2 and 3 . 11,612 11,179.1 11,613 3,481.6 7,486 10,019^ 8 7,487 3,611.1 
2 and 4 7,258 10,196.7 7,259 4,351.3 2,835 - 9,890.8 2,836. 4,034.5 
2 and 5 4,267 9,441.7 4,268 4,946.2 837 9,401.5 838 4,539.0 
3 and 4 7,258 10,919.1 • 7,259 3,337.7 2,835 10,242.1 2,836 3,438.4 
3 ahd 5 4,267 10,043.6 4,268 3,922.9 837 9,539.5 838 3,888.6 
4 and 5 4,267 11,242.4 4,268 3,566.3 837 10,384.1 838 3,367.4 
Table 9. I)egrees of freedom and mean squares used in calculating the intraclass correlations 
with first record of pair included if second is missing for deviation milk* 
I^ ir ABS Data DHIA. Data 
of Between Within. Between Within 
Lactations d.f, M.S. d.f. M.S. , d.f. M.S. d.f. M.S. 
1 and 2 26,294 83,150.1 18,229 26,132.5 33,298 69,837.3 • 16,328 28,778.6 
1 and 3 26,294 70,190.4 11,613 28,948.3 33,298 60,941.8 7,487 29,369.3 
1 and 4 26,294 65,045.8 7,259 32,847.1 33,298 57,685.8 2,836 34,162.8 
1 and 5 26,294 61,723.0 4,268, 36,330.1 33,298 56,373.8 838 35,739.5 
2 and 3 18,228 84,520.9 11,613 22,448.8 16,327 69,306.2 7,484 25,738.0 
2 and 4 18,228 74,792.1 7,259 27,667.4 16,327 61,843.4 2,836 28,784.8 
2 and 5 18,228 68,171.9 4,268 31,106.9 16,327 58,401.1 838 38,526.4 
3 and 4 11,612 80,446.8 7,259 20,988.7 7,486 63,949.8 2,836 23,889.4 
3 and 5 11,612 69,778.4 4,268 24,791.3 7,486 55,210.4 838 26,981.5 
4 and 5 7,258 80,685.9 4,268 22,744.7 2,835 64,455.2 838 24,008.1 
^Deviation milk coded to nearest 10 pound units in both groups of data. 
Table 10. Degrees of freedom and mean squares used in calculating the intraclass correlations 
with first record of pair included if second is missing for deviation fat 
Pair ABS Data DHIA. Data 
of Between Within Between Within 
lactations d.f. M.S. d.f. M.S. d.f. M.S. d.f. M.S. 
1 and 2 26,294 10,518.4 18,229 3,800.1 33,298 8,811.6 16,328 3,926.4 
1 and 3 26,294 8,829.1 11,613 4,425.7 33,298 7,675.7 7,487 4,245.3 
1 and 4 26,294 8,230.6 7,259 5,048.7 33,298 7,256.0 2,836 4,775.6 
1 and 5 26,294 7,864.7 4,268 5,480.8 33,298 7,078.7 838 5,195.8 
2 and 3 18,288 10,721.8 11,613 3,479.4 16,327 9,161.7 7,487 3,608.8 
2 and 4 18,228 9,534.2 7,259 4,347.6 16,327 8,143.4 2,836 4,030.2 
2 and 5 18,228 8,852.9 4,268 4,942.4 16,327 7,686.9 838 4,534.4 
3 and 4 11,612 10,220.4 7,259 3,337.7 7,486 8,610.2 . 2,836 3,438.4 
3 and 5 11,612 8,893.3 4,268 3,948.8 7,486 7,463.7 838 3,888.6 
4 and 5 7,258 10,231.6 4,268 3,566.3 2,835 8,530.6 838 3,248.1 
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II 25,894.9 
— + 0.126 
2 
25,924.8 
II 
.35,801.1 
II 59,696.0 
r =' 0.566 
In Table 3 the estimate of this relationship before correcting 
for unequal means was 0.56 while the regression estimate was 0.60. 
The failure of the adjustment for unequal means to yield the same 
result as the regression estimate must, therefore, be due to. 
inequality of the variances. Ohis inequality of the variances 
s • 
should reduce the intraclass correlation. It would also increase the 
regression if the variance of the dependent variable is much greater 
than the variance of the independent variable. Estimates using this 
procedure for coirrecting the intraclass correlations for unequal means 
were computed for several pairs of records. Ihis correction had very-
little effect on the estimates and are not cited.in this thesis. 
In conclusion, of the discussion of these three methods of estima­
ting repeatabil ity, with equal variances and equal means one would 
exptict the intraclass correlations and the regression estimates to be 
the same, therefore, the intraclass correlations are probably under­
estimating the relationship between pairs of records due to the fail­
ure to meet the assumptions of equal means and equal variances. 
Tables 11 and 12 give the variances of all records for deviation 
milk and deviation fat, respectively. 
Estimates obtained by the "maximum likelihood" procedure and by 
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Table 11. Variance of ith record of cows allowed to make record 
for deviation milk* 
i;^  
Record 
Type 
of 
Data 1 2 
jth Record 
3 4 5 
1 ABS 
DHIA. 
57,810.8 
55,882.0 
52,175.9 
48,031.6 
49,858.6 
46,936.8 
47,735.6 
48,021.3 
49,195.8 
48,788.8 
2 ABS 
DHIA 
62,405.7 
57,237.3 
55,864.7 
48,687.7 
50,515.4 
48,184.0 
48,227.9 
50,668.2 
3 ABS 
DHIA 
56,824.8 
52,059.4 
50,035.2 
46,731.6 
46,442.9 
46,572.0 
4 ABS 
DHIA 
58,773.9 
55,281.3 
52,983.5 
46,211.5 
5 ABS 
DHIA 
60,018.0 
55,063.2 
*Deviation milk coded to nearest 10 pound units in both groups 
of data. 
the procedure used to remove the effects of selection (the procedure 
derived from regression theory) are given in Table 13 for deviation 
milk and Table 14 for deviation fat. These procedures utilized «n 
available records of the pairs. Estimates obtained by these 
procedures usually fall between the range of the intraclass correla­
tions •fdien the first of a pair is included even if the second record 
is absent and the regression estimates. Therefore, since the 
intraclass correlation and regression values are much easier to 
calculate, there seems to be very little to be gained by the use of 
these procedures in data such as these -vdien the repeatability estimates 
Table 12. Variance of 1th record of cows allowed to make jgi record for deviation fat. 
\ %rpe jgi Record 
igi of 
Record Data 12 3 
ABS 7,484.7 6,690.0 6,397.5 
DHIA. 7,031.4 6,104.5 6,042.7 
ABS 8,171.2 7,003.1 
DHIA. 7,556.8 6,460.2 
ABS 7,466.9 
DHIA 7,108.4 
ABS 
DHIA. 
ABS 
DHIA 
6,244.4 6,324.2 
6,091.9 6,342.3 
6,419.0 6,015.0 
6,389.9 6,694.2 
6,432.2 5,964.6 
6,245.1 6,299.4 
7,742.7 6,929.1 
7,403.8 6,554.9 
7,797.8 
7,068.4 
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Table 13. Relationship between pairs of lactations as measured by 
a Maximum Likelihood procedure and by the procedure used 
to remove the effects of selection for deviation mîTir 
r^ ir of Records 
ith to jth 
Maximum Likelihood Free of Selection 
ABS Data naiA Data ABS Data DHIA. Data 
1:2 0.56 0.48 0.57 0.49 
1:3 0.49 0.45 0.5L 0.45 
1:4 0.41 0.37 0.44 0.39 
•1:5 0.36 0.34 
2:3 0.64 0.53 0.64 0.53 
2:4 0.56 0.48 0.56 0.49 
2:5 0.50 0.41 
3:4 0.64 0.55 0.66 0.57 
3:5 0.57 0.48 
4:5 0.62 0.56 
Table 14. Relationship between pairs of lactations as measured by 
a Maximum likelihood procedure and by the procedure used 
to remove the effects of selection for deviation fat 
T&lr of Records tfeixiinum Trikeliliood Free of Selection 
ith to ,ith ABS Data DHIA. Data ABS Data DEEA. Data 
1:2 0.51 0.45 0.5L 0.46 
1:3 0.40 0.40 0.41 0.41 
1:4 0.33 0.34 0.34 0.37 
1:5 0.28 0.28 
2:3 0.58 0.51 0.52 0.52 
2:4 0.49 0.46 . 0.48 0.48 
2:5 0.42 0.39 
3:4 0.57 0.52 0.58 0.55 
3:5 0.49 0.45 
4:5 0.55 0.55 
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are to be used in practical application. However, for specialized 
problems such as estimation of trends, etc., the additional precision 
may be helpful. 
Estimates of Heritability 
Heritability of different lactations 
Heritability estimates obtained by the regression of dau^ ter 
on dam, intrasire regression of dau^ ter on dam and. the correlation 
between daughters and. dams free of the effects of selection are 
given in Table 15 for deviation milk and. Table 16 for deviation fat. 
Due to the small number of daughter-dam pairs, heritability 
estimates were not obtained, for the DHIA. data for fourth lactation. 
To obtain estimates free of the effects of selection one is required 
to arrange the lactations in sequential ord,er. In the case of third, 
lactations this would, involve dividing the dau^ tèr dam pairs into 
one group where the dau^ térs first record, is completed, before the 
third record of the dam and another group •where the third, record, of 
the dam is completed before the first record, of the dau^ ter. This 
would further red.uce the d.egrees of freedom available to estimate the 
heritability of third, lactations and. therefore, was not attempted, 
in these data. 
The intrasire regressions of daughter on dam estimates of 
heritability for deviation fat and. d.eviation milk are not significantly 
different from one lactation to the next. However, for deviation fat 
in both groups of data the estimates of the heritability of second. 
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lactations are lower, thou^  not significantly so, than the estimates 
of the heritahility of first lactation. This evidence along with the 
results of other workers (Freeman (i960). Van Vleck and Bradford-
(l965), Rendel, et al. (1957)-Joheinssonand Hansson (l940)), 
indicates that the heritabilities of first and second lactations are 
probably different. Possible explanations for this difference are 
_(l) if all genes hâve equal effects, first lactation is controlled 
by more pairs of genes than second lactation or if the same ninnber 
of genes control both lactations, they have larger effects for first 
lactation, (2) the presence of a genetic maternal effect of considerable 
magnitude during the first lactation and gradually decreasing in 
importance throu#i the second and later lactations, and (3) the 
presence of a constant genetic effect with the lower estimates of 
heritability resulting from an increase in the environmental effects 
on second and later lactations. 
In these data, it seems likely that the environmental portion of 
the variance increases for second and later lactations and thus ex­
plains part of these differences, if they are real. Probably one 
indication of this is the variance of all first records being less J 
than the variance of all second records. Hiis result was more pro­
nounced after presumably correcting these variances for selection. 
However, these data due not indicate this is true for third and 
later lactations since the repeatabilities continually increase while 
the total variance declines from second to later lactations. It might. 
be that more reliable estimates of these parameters for third and later 
5L 
lactations would reveal that second lactation is the only one that 
is different. Also, other environmental factors such as variations 
in the length of the dry period and additional opportunity for 
infections such as mastitis, etc., should add to the variation of 
second and later lactations above that present in first lactations. 
Table 15. Estimates of heritability of different lactations for 
deviation milk 
Method of 
Type 
of Lactation 
Estimation Data 1 2 3 4 
Regression 
of dau^ ter 
on dam 
ABS 
DHIA. 
0.382 
0.279 
0.334 
0.266 
0.378 
0.289 
0.440 
Ihtrasire 
regression 
of daughter 
on 
ABS 
DHIA 
0.374 
0.308 
+.028 0.357 
+.035 0.226 
+.036 0.388 
+.074 0.295 
+.056 
+.134 
0.458 +.082 
Free of 
Selection 
ABS 
DHIA 
0.374 
0.308 
0.297 
0.274 
Number of 
dau^ ter 
dam pairs 
ABS 
DHIA 
5,018 
4,250 
2,678 
1,245 
1,227 
294 
502 
Within sire 
degrees of 
freedom 
ABS 
DEEA 
4,920 
3,272 
2,616 
759 
1,191 
121 
475 
Table 16, Estimates of heritability of different lactations for deviation fat 
Method of 
Type 
of Lactation 
Estimation Data 1 2 3 4 
Regression 
of dau^ ter 
on dam 
ABS 
DHIA. 
0.356 
0.293 
0.213 
0.310 
0.238 
0.132 
0.334 
Intrasire 
regression 
of dau^ ter 
on dam 
ABS 
DHIA. 
0.344 
0.322 
+0.028 
+0.035 
0.236 
0.222 
+0.036 
+0.078 
0.243 
0.370 
+0.056 
+0.143 
0.327 +0.082 
Free of 
Selection 
ABS 
DHIA 
0.418 
0.330 
0.202 
0.272 
Number of 
daughter 
dam pairs 
ABS 
DHIA 
5,018 
4,250 
2,678 
1,245 
1,227 
294 
502 
Within sire 
degrees of 
freedom 
ABS 
. DHIA 
1 
4,920 
3,272 
2,616 
759 
1,191 
121 
475 
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Ihtrasire regression of daughter on dam and the regression of 
daughter on dam 
Removing the effects of sires had very little influence on the 
regression of dau^ ter on dam in the ABS data %hijle it appeared to 
have considerable influence in the DHIA. data. This can be explained 
most readily by the small number of sires in the ABS data and the 
large number of dau^ ters per sire Tdiile the DBIA. data had a large 
number of sires and thus a small number of dau^ ters for each sire. 
This could result in a more nearly random sample of dams for the ABS 
sires due to the large size of the sire groups. In both groups of 
data single sire groups were not removed since they would not 
influence the intrasire regression and would not be likely to be 
removed from data that were analysed across sires. However, estimates 
were obtained for the regression of dau^ ter on dam on only those 
dau^ ters with sire identification. 
These data emphasize the fact that with a sufficient number of 
dau^ ters per sire to obtain a more nearly representative sample of 
dams mated to each sire very little is gained by using an intrasire . 
regression estimate of heritability. 
Heritability estimates free of the effects of selection 
If selection is causing estimates of heritability for different 
lactations to be different, correcting for this selection should 
make the estimates more alike. If truncation selection is practiced 
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on the dau^ ters' and the dams* first lactations, even with incom­
plete repeatability, this" selection would decrease the frequency of 
low producing, dau^ ters with low producing dams that have second 
lactations. The net result would be a decline in the slope of the 
regression line for second lactations. 
Use of the method to remove the effects of selection on the 
DHIA. data, decreased the difference between the estimates of 
heritability for first and second lactations as compared to the 
intra-sire regression estimates. However, estimates obtained from 
. 
the ABS df?.ta did not follow, this anticipated direction of change 
for either trait. Table 17 gives the means and variances for the 
dau^ ters and the dama in the ABS data. Some oddities exist in 
these data. As can be seen from this table, the variance of dams 
first records of cows allowed to make second records (54,681.3) is 
greater than the variance of all first (53,124.1) and all second 
records (53,636.6) for deviation milk. Also, there is a negative 
selection differential on first records of the dams'. 
The means and variances for the IHIA data are given in Table 18 
to compare with the ABS data of Table 17. Comparing the data in 
these tables, the DEEA. data follows the same general trend as all 
records, both ABS and DHIA, used in the analysis for repeatability. 
The fact that the variance of selected first lactations is 
greater than the variance of all first and all second lactations 
for the flaing in the ABS data is probably the cause of adjustments 
55 
for selection increasing the differences between the heritability 
estimates for deviation milk. , ' 
For deviation fat analysis in the ABS data, the variances of 
selected first, all first and all seconds are essentially the same 
for the dams. Correction for selection in these data has a sli^ itly 
' 
less effect than in the deviation milk analysis but again these es­
timates are more different than the original regression estimates. 
It was felt that the estimates,free of the effects of selection 
for the ABS data were inflated due to the behavior of the variances 
of the dams * records. " Therefore, estimates using this method were 
obtained with the within sire, within herd estimates of variances 
and covariances for deviation fat.. These variances and covariances 
gave values of 0.272 and 0.223 for the heritability of first and 
second lactations as constrasted to,the values of 0.148 0.202 
of Table 16. These estimates are essentially the same as the estimates 
of the heritability obtained by doubling the intrasire, intraherd 
regression of dau^ ter on dam. 
Heritability estimates obtained by the use of an average of the 
dau^ ters' and records 
Since it was felt that estimates of the heritability of single 
lactations are usually hi^ er than estimates obtained by using thé 
average production of the daughters and ârmei and then converting 
this estimate to a single recoird basis, a con^ rison of these two 
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Table 17. Means and variances of the ith lactations of cows 
allowed to make .jth lactation for the ASS data 
.jth Record. 
Deviation Milk* 
Dams D&TiRhters 
1 2 1 2 
1 53,124.1 
(28.5)** 
54,681.3 
(25.5) 
57,419.4 
(29.6) 
52,181.7 
(38.6) 
2 53,636.6 
(40.8) 
61,428.6 
(64.1) 
Deviation Eat 
Dams Dauf&ters 
1 2 1 2 
1 6,783.5 
(17.5) 
6,701.8 
(14.8) 
7,315.3 
(17.9) 
6,619.5 
(20.1) 
2 - 6,760.8 
(15.9) 
8,158.1 
(21.9) 
*Deviation milk coded, to nearest 10 pound, units. 
**lîumbers in parenthesis are the means. 
methods was conducted.. In the calculation of the average prod.uction, 
only those records used, in the estimation of heritahility of indi-
vid.ual lactations were used.. Again this analysis was calculated, on 
an intrasire basis. Estimates obtained, by this procedure were then 
converted to a single record basis using the formula of lush and 
Straus (l942). These estimates were 0.290 amd. 0.302 from the DŒEA. 
data fl-nd 0.335 and 0.273 from the ABS data for d.eviation milk and. 
fat; respectively. The average number of records for each daughter-
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Table 18. Means and variances of the ith lactation of cows allowed 
to make jth lactation for the DHIA. data 
jth Record 
Deviation Milk* 
Dams Dav^ ters 
55,375.5 53,102.6 56,553.2 49,563.8 
(79.5)** (108.1) (68.9) (71.2) 
57,685.8 56,418.2 
(79.0) (83.7) 
Deviation Bkt 
Dams DaiWiters 
7,178.3 6,714.0 7,126.5 6,305.8 
(31.3) (42.3) (29.1) (32.7) 
7,735.0 7,173.9 
(27.3) (33.4) 
*Deviation milk coded to nearest 10 pound units. 
**Kumbers in parenthesis are the means. 
flam pair was 1.371 for the DHIA. data and 1.878 for the ABS data. 
These results from the DHIA. data are sli^ tly hi^ er than 
the results published by Bereskin and Freeman (1965) on similar 
data. This discrepancy may be due to the following restrictions 
placed on these data/ that all cows used in the estimation of herit-
ability had to have a first record, all daughters had to have sire 
identification, and the computations in the present study being 
on an intrasire basis. .It was assumed that since the data used by 
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Bereskin and Freeman (l965) covered a time period of three years nnri 
five months, and since they state that flnma had a range of one to 
six dau^ ters j they nsed all lactations present for dau^ ters and 
dams irrespective of tdiether the first record was present. Therefore, 
since most work with the heritahility of different lactations 
indicates a higher heritability for the first than subsequent 
lactations, the present estimate would be .expected to be sli^ tly 
higher. 
EatemaJ. half-sib estimates of heritabîTity 
Intrasire regression of dau^ ter on dam estimates of heritability 
in the ABS data were higher than normally expected. Bierefore, 
estimates of heritability by paternal, half-sib analysis of variance 
were obtained to compare with the dau^ ter-dam regressions. These, 
along with the intra-sire regressions using the same data are given 
in Tables 19 and 20 for deviation.milk and deviation fat, respec­
tively, for the ABS data. Sire groups were excluded when they had 
less than five dau^ ters for one analysis and less than ten dau^ ters 
for the other analysis. Paternal half-sib estimâtes using all ABS 
records with sire indentification and with the same restrictions on 
numbers of dau^ ters, are given in Table 21. 
In the calculation of the paternal half-sib estimates fox the 
DEEA data, sire progeny groups were used if the sire had daughters 
used in at least two, four, ten and fifteen herds for the four 
Table 19, Estimates of heritablllty by paternal half-sib and daughter-dam regression for 
deviation milk in the ABS data 
Lactation 
1 2 3 4 
PHS-sires with five 
or more dau^ ters 0.170 + .040 0.170 + .039 • 0.108 +. .056 0.099 + .082 
Daugpater-dam regression-
sires with five or 
more dau^ ters 0.372 + .028 0.354 + .037 0.374 + .057 0.483 + .080 
No. of sires 
Within sire d.f. 
55 
4,871 
32 
2,599 
22 
1,186 
12 . 
508 
PHS-sires with ten 
or more dau^ ters 0.156 ^  .043 0.105 + .042 0.094 + .054 0.116 + .091 
Daughter-dam regression-
sires with ten or 
more daughters 0.371 + .028 0.356 + 0.37 0.398 + .057 0.492 + .080 
Ko. of sires 
Within sire d.f. 
36 
4,751 
23 
2,548 
16 
1,161 
10 
497 
Table 20, Estimates of heritability by paternal half-sib analysis of variance and. dau^ ter-
dam regression for d.eviation fat in the ABS data 
Lactation 
1 2 3 4 
PHS-sires vith five 
or more dau^ ters 0.163 + .038 0.128 + .044 0.166 + .068 0 .138 t .097 
Dau^ ter-dam regression-
sires vith five or more 
dau^ ters 0.342 + .028 0.235 + .036 0.232 + .056 0 .359 + .084 
No. of sires 
Within sire d..f. 
55 
4,871 . 
32' 
2,599 
22 
1,186 
12 
508 
FHS-sires vith ten 
or more davi^ ters 0.150 + .050 0.135 4^  .050 0.137 + .068 0 .158 + .109 
Dau^ ter-dam regression-
sires with ten or more 
dau^ ters 0.341 + .028 0.237 + .036 0.231 + .056 0 .363 + .084 
No. of sires 
Within sire d.,f. 
36 
4,751 
23 
2,548 
16 
1,161 
10 
497 
Table 21, Estimates of heritability by paternal half-sib analysis of variance using all ABS 
records with sire identification 
Lactation 
Deviation milk 
HîS-sires with five 
or more dau^ ters 
No. of sires 
Within sire d.f. 
PHS-sires with ten 
or more dau^ ters 
No. of sires 
Within sire d.f. 
PHS-sires with five 
or more dau^ iters 
No. of sires 
Within sire d.f. 
PHS-sires with ten 
or more dau^ ters 
No. of sires 
Within sire d.f. 
0.170 + .032 . 0.115 + .029 0.113 + .036 0.091 + .031 
72 
.,10,129 
0.173 + .036 
56 
10.039 
72 
10,129 
56 
10,039 
47 
6,592 
0.117 + .033 
35 
6.529 
33 
3,898 
0.116 + .038 
29 
3,877 
Deviation fat 
47 
6,592 3,898 
35 
6.529 
29 
3,877 
27 
2,248 
0.094 + .040 
24 
2,233 
0.146 + .050 0.101 + .026 0.099 + .033 0.066 + .031 
33 27 
2,248 
0.146 + .031 0.103 + .030 0.101 + .034 0.066 + .033 
24 
2,233 
Table 22. Estimates of heritabllity by paternal half-sib anaJLysis of variance using all DHIA 
records with sire identification 
lactation 
1 • 3 
only sires used in at least two herds 
p 
h deviation milk 0.416 + .034 0.310 + .040 0.187 + .049 
h^  deviation fat 0.389 + .033 0.431 + .048 0.406 + .070 
No. of sires 430 258 •" 134 ~ 
Within sire d.f. 11,352 5,432 2,194 
only sires used in at least four herds 
2 h deviation milk 0.377 + .040 0.266 + p.44 0.180 + .053 
h2 deviation fat 0.355 + .038 0.394 + .056 0.386 + .080 
No. of sires 234 ~ 141 " 79 
Within sire d.f. 9,108 4,379 1,834 
only sires used in at least ten herds 
o ' 
hp deviation milk 0.354 + .050 0.215 + .045 • 0.148 + .054 
h deviation fat . 0.338 + .049 0.372 + ,068 0.405 + .103 
No. of sires 107 ~ 71 - 42 ~ 
Within sire d.f. 7,881 3,806 1,537 
only sires used in at least fifteen herds 
h| deviation milk 0.351 + .060 0.213 + .051 V 0.140 + .058 
h deviation fat 0.342 + .059 0.379 + .078 0.407 + .117 
No. of sires 78 52 " 29 
Within sire d.f. 7,384 3,485 1,359 
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different analyses. These estimates were obtained using nil records 
in the study with sire identification if the sire was used in enough 
herds to qualify. The values for the latter analyses are given in 
Table 22. Because of the large number of single herd sires, no 
attempt was made to calculate the paternal half-sib estimâtes i^ ing 
just the dau^ ters from the dau^ ter-dam pairs due to the large num­
ber of single herd sires. It was felt that this would inflate the 
sire component. To include the record of a cow in this analysis, she 
was required to have at least five herdmates. 
A brief glance at Table 22 reveals that these results gradually 
decrease as the miniTmTm number of herds the sires were used in 
increased. This table also indicates very little difference 
between sires used in at least ten and fifteen herds. However, 
one must be careful in drawing conclusions from these results since 
over 9256 of these animals are in both analyses. 
Ihe results from the paternal half-sib analyses for the two groups 
of data do not follow the same trend. In the ABS data, the paternal 
half-sib results are considerably less than those from the dau^ ter-
flgm analyses, while the results are essentially the same for the BHIA. 
data. 
In the BHIA data it is possible that herd effects not removed 
by the use of deviated data are inflating the sire components. This 
may occur to some extent because of the very poor balance of sire 
progeny groups across herds. In the ABS data most sires were used 
in a high percentage of the herds. This mi^ t result in a more 
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representative sample of herds in -which the sires were used, con­
sequently it is unlikely that the sire component contains much of 
the herd effects, in the IHIA. data, the dau^ ter-dam regression and 
the paternal half-sib analysis of variance agree very weU. So, if 
herd effects are included in the sire components something must be 
inflating the dau^ ter-dam regressions, if this is true, the cause . 
is unknown but some possible causes will be discussed, in the ABS 
data the dau^ ter-dam regression is much higher than the paternal, 
half-sib estimate. 
Selection of sires in the ABS data might account for some of this 
difference by decreasing the between sire variance. However, the 
only data available on these sires before being used by ABS would be 
natural proofs and therefore, selection of sires should not account 
for all of this difference, if the correlation between the breeding 
value of the sires and their natural proof was 0.7, selection of sires 
could account for all the difference between the dau^ ter-dam and 
paternal, half-sib results, it seems more reasonable to expect this 
correlation to be 0.5 or less. Therefore, the selection of sires 
should not reduce the between sire variance by more than 21^ . Envi­
ronmental correlations between daughters and dams deviations due to 
some of the same cows being herdmates of both the dau^ ters and the 
dams could account for some of this difference by inflating the dau^ -
ter-dam regression. Any type of non-additive gene action (e.g. 
additive by additive epistasis) could account for gome of this dif­
ference along with a genetic maternal effect. The mating of unproven 
. 6 5  
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bulls to the better cows might introduce some negative assortive 
mating which would tend to decrease the differences between sires and 
should not influence the intrasire regression estimate. A test of 
•vAiether the average differences of mates between sires used in the 
dau^ ter-dam regression for the ABS data was not significant. However, 
Sillers (1965) observed that the average production of mates of sires 
ranged from -984 to +958 using dams of the sires first twenty dau^ -
ters. This illustrates that differences between individual sires 
mi^ t be real even though the average differences are not significant. 
Intrasire, intraherd regression of dau^ ter on 
Failure of deviations from regressed adjusted herdmate average 
to correct for herd-year-season effects could inflate dau^ ter-dam 
regressions using deviated data, therefore, estimates of heritability 
using within-sire, within-herd regressions of dau^ ters on dams using 
deviations were obtained for the ABS data. These estimates for 
deviation milk were 0.304 + .031, 0.350 + .042, 0.312 + .069 and 
0.380 + .117 and for deviation fat 0.272 + .031, 0.240 + .042, 
0.158 + .071 and 0.274 + .124 for the first throu^  the fourth 
lactations, respectively. These estimates are not significantly 
different from the intrasire estimates, however, they indicate that 
deviations may not be removing all the variation due to herds. Van 
Vleck and Bradford (1964) obtained smaller regression estimates by 
using deviations on a within-herd basis, however, these differences 
were not significant. Their data was from 1,638 herds. 
In studies using deviated data, the degrees of freedom lost 
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throu^  the calculation of herd averages are usually ignored. When 
using deviations from the herd-year-season average after removing the 
cow and her paternal half-sibs one fits a mean for each sire-herd-
year-season group. In the so called ideal situation -vdiere each sire 
is represented once in each herd, this would require a mean for each 
animal and, therefore, all the degrees of freedom would be exhausted. 
The usefulness of deviated data may be influenced by another 
factor •which was mentioned earlier in discussing the dau^ ter-dam 
regressions. This is the possible genetic correlation between herd-
year-season averages due to some of the same animals being in the 
average in .different seasons. This could be a rather serious fault 
of deviations when comparisons are made involving adjacent year-
seasons and nonadjacent ones. 
Factors such as these seem to indicate the need for investiga­
tions into the theoretic^  aspects of the use of deviated data. 
Heritabliity estimates from selected data 
Any method of estimating heritability free of the effects of 
selection should give reasonable estimates of the.desired parameters 
under artificial selection. The main difficulty in the use of real, 
data instead of simulated data in this type of study is that the 
estimates of the parameters after artificial!y selecting the data 
must be compared with the estimates originally obtained from the 
data •when using real data. The true values of the parameters are 
not ^ mnw^  in either case. In use of simulated data "fche estimates 
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can be compared -with.the actual parameters used to generate the data. 
An attempt was made in the ABS data to try several types of 
selection and then estimate the original paramters. These results 
are given in Table 23. For the selection on dam's fat in preceding 
record (l) all first records were used to calculate the heritability 
of first lactations. Then if the first record was below the 
truncatibn point, the second records of the daughters and dams 
were not used in the calculations for second lactations. Hie 
same procedure was used for selection on dam's fat then dau^ ter's 
plus dam's fat for the preceding lactation (4) with the selection 
being on dam's fat at a point -t and on dau^ ter's plus dam's fat 
at a point -2t. 
The selection on dam's present fat record (2) consisted of 
excluding the daughter-dam pairs first records from the calculations 
for first lactations if the dam's record was below the truncation 
point for first records. This same procedure was followed for 
second records with the additional selection since all pairs that 
were discarded on the basis of first records were not used. The 
selection on dau^ ter's plus dam's present record (3) was the same 
as the preceding method (2) with truncation being on the sum of 
the dau^ ter's and dam's production. As long as selection was on 
the dam's current lactation (2), this method gave estimates comparable 
to the results using the same method in the original data. Selection 
. y , . 
on dau^ ters' plus dams' current production (3) resulted in the 
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expected decrease in the intrasire regression due to selection 
on the dependent variable. This type of selection also decreased 
the estimates obtained from the.correlations free of the effects 
of selection. This is not surprising since the estimates free 
of the effects of selection are based on regression estimates 
of thé variances and covariances. 
The disturbing result from this study is that selection of 
any type on the preceding record (l and 4) greatly inflates the 
estimate of heritability of first' lactation free of selection 
and deflates the heritability estimate for second lactation. 
Table 24 gives the estimates of the variances and covar­
iances after selection. In the selection on preceding lactation 
the variances of first lactation and the cqvariance between 
the dau^ ters' and dams' first lactations were not changed by 
the selection. However, from the table one can see that the 
variance of dams' second records, as conrpaxed to the variance of 
fl.n second records, were reduced by selection and the variance 
of dau^ ters ' second records, as compared to the variance of all 
second records, increased. The fact that the variance of the 
dau^ ters ' second records increased, along with the decrease in 
covariance between the second records of the dau^ ters and dams, 
may be the reason for the heritability estimates of second records 
decreasing "vdien,estimated free of the effects of selection. The 
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Table 25. Heritability estimates from artificiall-v selected data 
First Lactation Second Lactation 
Mo. No. 
Percent culled^  of of 
and trait Pairsb Heritability Pairs Heritability 
11.1^ 1 on dam's 
preceding fat 4920 0.345 +0.028 2375 0.244 +0.036 
record*^  (l) (5018)^  (0.517) (2437) (0.214) 
24.256 on dam's 
preceding fat 4920 0.345 +0^ .028 1999 0.213 +0.040 
record (l) (5018) (0.638)" (2060) (0.184) 
4.3# on first. 
2.9p on second. 
dam's present 4767 0.368 +0.026 2457 0.256 +0.034 
fat record® (2) (4864) (0.414) (2518) (0.211) 
11.1$ on first. 
10.0# on second 
dam's present 4462 0.369 +0.025 2169 0.310 +0.032 
fat record (2) (4558) (0.414) (2230) (0.237) 
5.9# of first. 
5.8# of second. 
dau^ ter plus 
dam's present 4668 0.177 +0.028 2397 0.001 +0.037 
fat record (3) (4765) (0.200) (2459) (0.003) 
11.1# on dam's 
fat then 5.5# 
on dau^ ter 
plus dam's 
preceding fat 4920 0.345 +0.028 2341 0.234 +0.036 
record (4) (5018) (0,540) (2403) (0.199) 
T^!rom table of normal curve. 
Within sire degrees of freedom for intrasire regression. 
P^receding record, if first record is below truncation the second 
record is omitted but the first record is used. 
%^ee of selection estimate in parenthesis. 
P^resent record, if first record is below truncation point neither 
record is used, if the second record is below the truncation point the 
second record is omitted, first record is used. 
Table 24. Variances and covariances of eirtlflcially selected data 
Percent culled^  
and trait 
Dams 
.^1 
I&uahters 
2^2.1 *33.2 ®33.3 *44,3 
Covariances 
013.2 *24.3 
11.1^  on dam*s 
preceding fat 
record^  (l) 
"24.2^  on dam's 
preceding fat 
record (l) 
4.356 of first, 
2.9p of second 
on dam's fat (2) 
present record^  
11.1$ of first, 
1056 of second 
dam's fat present 
record (2) 
6783.5 4894.8 6355.5 7315.3 6569.1 8368.3 
6783.5 3951,0 6415.0 7315.3 6354.7 8441.7 
5793.8 5670,2 5565,0 7305,8 6595,2 8150.9 
4963,8 4953,8 4562,5 7292,5 6427,3 8169.3 
1206.4 686.5 
1206.4 574.7 
1107.2 654.1 
957.2 658,4 
F^rom table of normal curve, 
P^receding record, If first record is "below truncation point the second record is omitted 
but the first record is used, 
P^resent record, if first record is below truncation point neither record is used, if 
second record is below the truncation point second record is omitted, first record is used. 
Table 24. (Continued) 
Percent culled Deuns Daughters Covariances 
and trait <52 oil.l °22.1 '°33.2 *33.3 *44.3 *13.2 *24.2 
S.Sjt of first, 
5.8% of second, 
dau^ ter plus 
dam's fat pre­
sent record (s) 5982.6 5906.3 5994.2 6617.2 6034.9 7385.0 530.6 -39.3 
11.1# on dam's 
fat then 5.9# 
on dau^ ter 
plup dam's 
preceding 
fat record (4) 6783.5 4858.6 6395.9 7315.3 6166.9 8284.5 1206.4 650.8 
ABS data 
(all records) 6783.5 6701.8 6760.8 7315.3 6619.5 8158.1 1206.4 720.3 
DHIfl. data 
(all records) 7178.3 6TL4.0 7735.0 7126.5 6305.8 7173.9 1053ul 999.6 
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variance of .the dau^ ters ' second records is increased still more 
by correcting for the effects of selection. The increase in the 
covariance between daughters* and dams* records, estimated free of 
selection, is due primarily to the inequality of the variance for 
the dams' first and second records. The dams' first records were 
much more variable than the dam's second records. Consequently, 
correcting for selection increased the covariance between the 
dau^ ters' and dams' first records with very little change in the 
variance of the dams' first records. This increased the estimate 
of heritability for first lactations. 
One possible explanation for the increase in the variance of 
the dau^ ters ' second records after selection on the first records 
of the dams' could be a correlation between the mean and the variance. 
With such a correlation the selection on the dams' records should 
increase the mean of the daughters' records. Biis increase in the 
mean would result in a higher variance for the dau^ ters' second 
records. Eamsay^  estimated the correlation between the variance of 
a sire's dau^ ters and dau^ ter's average to be over 0.6 using 28 
ABS sires with at least 45 dau^ ters. This correlation may be an 
over-estimate of this relationship, however, it indicates that a. 
correlation may exist between the mean and the variance in dairy 
E^amsay, J. M., Iowa State University of Science and Technology, 
Ames, Iowa. Heterogeneity of within-sire variances. Personal 
communication. 1965. 
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cattle data. If a correlation exists between the mean and the 
variance, the assumption of a bivariate normal distribution is not 
• valid. This could be a reason the selection on the preceding 
record inflated the difference between the results of heritability 
of first and second lactations. 
The fact that these estimates do not agree with the original 
estimates of the parameters "when selection is on the preceding 
lactation may also be accounted for in part by the deviation from 
truncation selection •which is assumed in the development of the 
method. Truncation selection on the first record to determine if 
the am" mal -was to be used in the estimation of heritability of 
second records would not be truncation selection on second records 
due to the incomplete repeatability of milk and fat production. 
However, for a method to be generally useful in the estimation of 
heritability from selected data, it would be preferable 'if it gave 
reasonable estimates of heritability under all, types of selection 
that might be encountered in field data. 
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SUMMARY AMD CONCnJSIOWS 
A method of estimating heritabilities of different lactations 
and the relationship between various pairs of lactations, presumably 
free of the effects of selection, was developed, This method 
utilizes the regressions that are not influenced by selection on 
the independent variate to estimate the variances and covariances 
as they would be in an unselected population. 
Relationship Between Pairs of lactations 
Estimates of the relationships between various pairs of 
lactations, expressed as deviations from herd-year-season averages, 
using five different methods gave essentially the same results as 
long as the analyses of variance were used on data with equal means 
and equal variances. It is concluded that the regression or the 
intraclass correlation estimates when all records of the pair are 
included are much easier to compute and give essentially the same 
results as the more complicated procedures of "maximum likelihood" 
and correlation free of the effects of selection. 
The estimates of the relationship between various pairs of 
lactations indicate that this relationship is not constant from one 
lactation to the next. Œhe relationship between consecutive 
lactations increases gradually as the animals get older and the 
relationship between nonconsecutive lactations decreases gradually 
as these lactations become more separated in time. This indicates 
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that the environmental portion of milk and fat production is not 
constant from lactation to lactation. These results would favor a 
multiple regression approach in the prediction of a cow's production, 
in a future lactation. 
Heritahilities of Different Lactations 
Heritability estimates were calculated by the regression of 
daughter on dam, intrasire regression of dau^ ter on dam, intrasjjce 
regression of the average production of the dau^ ter on the average 
production of the dam, correlation between dau^ ters and flams records 
free of the effects of selection, and by paternal half-sib analysis 
of variance. 
Estimation of the regression of daughter on dam on a within sire 
basis had very little effect on the estimates in the ABS data but a 
sli^ t effect in the DSIA. data. Hiis was considered to be due to 
the smaller number of sires and more daughters per sire in the ABS 
data which resulted in a better balance of sire progeny groups over 
herds. 
Estimates of the heritabilities of different lactations followed 
the expected trend in the DSIA. data with the correction for selection 
bringing the estimates closer together. This trend was similar in 
the ABS data where the intrasire, intraherd variances and covariances 
were used, but was not similar when variances and covariances were 
not computed within sires and herds. 
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Estimation of heritability by the correlation free of selection 
after performing several types of artificial selection on the data 
gave results quite divergent from the estimates obtained before 
selection -when selection was anything other than truncation on the 
present record. This liiight be caused by the data failing to have 
a bivariate normal distribution. It would be more desirable 
to use simulated data in the evaluation of the method to estimate 
parameters free of the effects of selection. If this were done 
the estimates after selection could be compared with the parameters 
used to generate the data instead of the estimates of parameters 
before selection when using real data. 
Heritability estimates obtained by the use of paternal half-sib 
analyses of variance were much lower than dau^ ter-dam regression 
estimates for the ABS data -wiiile they were in good agreement in 
the DHIA. data. 
Estimates of heritability by intrasire, intraherd regression of 
daughter on dam using deviated data were sli^ tly lower than the 
intrasire regressions. This indicates that the use of deviations 
from a regressed adjusted stablemate average does not remove all 
the variation due to herds. 
Estimates of the heritability of first lactation was higher than 
the estimates of the heritability of second lactation for deviation 
milk and fat in the DEIA. data and deviation, fat in the ABS data. 
Estimates of these parameters by the method developed to estimate 
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parameters free of the effects of selection reduced this difference. 
It is not known whether the latter method actually accomplishes the 
estimation free of selection -when applied to real data. It seems 
likely from this and other published work that heritability is not 
constant from one lactation to the next. Weighting the first,and 
second lactations separately instead of selecting on the sum of the 
first two lactations increased the accuracy of selection. This 
amounted to about a 4^  increase for the ABS data and about 25S for 
the DHIA. data. The weighting factors were 0.45 and 0.15 for the 
ABS data; 0.42 and 0.27 for the DHIA. data with the factors for 
first lactation given first in each instance. When the first 
three lactations were considered, this accuracy increased to about 
736 for both groups of data. Ifost data indicates that first 
lactation is more highly heritable than second lactation. Therefore, 
first lactation should receive the most weight when, trying to 
predict a cows breeding value. 
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